v' Results of surgical treatment of anterior communicating artery aneurysms, approached via bifrontal craniotomy, are reported in 110 cases. It was possible to preserve the olfactory tracts bilaterally or uni laterally in over 65% of these cases: 47% with bilateral preservation and 34% with unilateral preservation; 33% of the patients with bilateral olfactory tract damage reported subjectively normal olfaction. Objective examination of olfaction by an otolaryngologist showed that 84% of the patients reporting normal olfaction did indeed have normal olfaction, whereas 91% of these reporting no olfaction were anosmic.
V
ARIOUS methods for approaching anterior com municating artery (ACoA) aneurysms have been reported. 15a We now use bifrontal cra niotomy to approach these lesions, since the bilateral feeding and draining arteries can be identified, the en tire area around the aneurysm exposed, and damage to normal brain tissue avoided. This technique allows the aneurysm to be approached between the cerebral hemispheres with maximum safety? , 5 The one short coming of this method, however, has been that dam age to the olfactory tracts has been inevitable.
In the current paper, we report the precautions we use for preservation of the olfactory tract, and discuss the functional prognosis for olfaction, based upon our experiences with 1 l0 cases out of a total of 509 cases of ACoA aneurysms.
Surgical Technique

FIG. 1. Diagram showing the location of the skin incision
and craniotomy.
The actual surgical technique used in preservation of the olfactory tract when treating ACoA aneurysms by way of bifrontal craniotomy is as follows. The skin is cut slightly posterior to the frontal hair line. Four burr holes are made as shown in Fig. 1 , and the anterior edge of the bone flap is fashioned frontally as close to the orbital edge as possible. Occasionally, the frontal sinus is opened, but there is little danger of in fection if sufficient care is taken. After cutting the dura mater and falx, management of the olfactory tract can begin.
One unilateral frontal pole is gently retracted away from the anterior fossa, and the arachnoid membrane and small blood vessels in contact with the dura mater are carefully cauterized. The portion of the olfactory bulb adhering to the cribriform plate and the olfac tory tract can then be seen. The contralateral olfac tory tract is approached in the same manner. The (Fig. 2 left) . At the portion of the basal frontal lobe to which the olfactory tract adheres, the tract is sep arated from the brain with a thin spatula. If even a small amount of arachnoid membrane, fibrous tissue, or .blood vessels remains adherent to the olfactory tract, it can be pulled and damaged during the opera tion with only slight movement of the frontal lobe. The key to successful separation of the tract from the brain is never to apply pressure in a downward direc tion posteriorly from the olfactory bulb, but to con tinually apply upward pressure (toward the olfactory bulb) on the frontal lobe to which the tract is adherent. The proximal portion of the olfactory tract is found at the termination of the internal carotid artery, but it is not necessary to separate the tract from the brain this far. Rather, separation as far as about 1.5 cm anterior to the termination is sufficient (Fig. 2 right) .
Upon completion of this process, the bilateral A1 portions of the anterior cerebral arteries are identi fied, and the aneurysm is treated using the inter hemispheric approach. The olfactory tract will not in any way obstruct the treatment of the aneurysm.
Summary of Cases with Olfactory Tract Preservation
Clinical Material and M e t h o d s
We treated 110 cases of ACoA aneurysm between 1976 and 1979. Radical treatment of the aneurysm was performed in all cases by one of the authors (J.S.) using bifrontal craniotomy. The operative results and followup outcome after 4 to 48 months are shown in Table 1 .
Preservation of the olfactory tract was determined by examination of the operative records of all 110 cases. The presence of olfaction was investigated by a questionnaire mailed to all except two patients who died in the hospital. Finally, objective study of the olfactory sensation in 55 patients, chosen at random, was made by an otorhinolaryngologist. For the test bilateral  preservation  5  12  13  8  38  35  unilateral  preservation  7  17  4  7  35  32  bilateral  damage  17  6  3  3  29  26  unclear  3  5  0  0  8  7  total  32  40  20  18  110 ing of olfaction, 6 five odors (Bphenyl ethyl alcohol, methyl cyclopentenolone, isovaleric acid, undecalac tone, scatol) were used at eight concentration levels, 2 through 5. A strength of"zero" was determined as the average threshold or recognition value among nor mal Japanese men and women between the ages of 18 and 25 years without olfactory disturbances. The odors were presented in increasing concentrations, starting with 2. Threshold values were determined as the concentration at which the odor was detected, but its precise nature could not be identified. Recognition values were determined as the concentration at which the nature of the odor could be identified. The overall capability for olfaction was determined by the otorhinolaryngologist.
Surgical Results
Summary of Operative Findings. Both olfactory tracts were preserved in 38 of the 110 cases (35%), one tract was preserved in 35 cases (32%), both were dam aged in 29 cases (26%), and the condition was unclear due to incomplete records in eight cases (7%). In rela tion to the year of surgery, it was found that 53% of the cases with bilateral damage were operated on in 1976, 15% in 1977, 15% in 1978, and 16% in 1979 (Table 2) .
Subjective Olfaction. Fortytwo of the 108 patients questioned replied that their olfaction was normal (39%), 52 responded negatively (48%), and in 14 cases (13%) determination was impossible due to late death, disturbed level of consciousness, or failure to respond J. Suzuki, T. Yoshimoto and K. Mizoi to the questionnaire. It was found that 47% of the patients with bilateral olfactory tract preservation reported normal olfaction, whereas 34% with uni lateral preservation and 33% with bilateral damage reported normal olfaction (Table 3) . Objective Testing of Olfaction. Investigation was made of 48 cases, excluding seven patients in which nasal disorders causing disturbances of olfaction were found (four reporting olfaction, three reporting no olfaction). It was seen that 21 of the 25 patients (84%) reporting normal olfaction were found objectively to be normal, and four (16%) were anosmic. Two of the 23 patients reporting no olfaction were found objec tively to be hyposmic, and 21 were anosmic (Table 4) . In relation to the operative findings, it was seen that of the 23 patients with bilateral preservation, 15 reported normal olfaction, of whom 14 were found objectively to be normal and one anosmic. Two of eight patients reporting anosmia were found objectively to be hypos mic and six were anosmic. Among the 14 patients with unilateral olfactory tract damage, four reported nor mal olfaction, of whom three were found objectively to be normal and one anosmic. All nine who reported no olfaction were found to be anosmic. Among the eight patients with bilateral olfactory tract damage, three reported normal olfaction, of whom two were found objectively to be normal and one anosmic. All five who reported no olfaction were found objectively to be anosmic (Table 5) .
Discussion
Until recently, it has been thought inevitable that olfactory tract damage occurs during bifrontal It is concluded, therefore, that, by using our method, the olfactory tract can be preserved in a large percentage of these patients. In other words, the greatest drawback of bifrontal craniotomy can be overcome, allowing for this operative approach to be used not only for ACoA aneurysms, but also for other lesions, such as brain tumors.
We have also investigated the quality of the olfac tion in our patients with unilaterally or bilaterally preserved olfactory tracts. Eighteen of the 38 patients with bilaterally preserved tracts (47%) and 12 of the 35 patients with unilaterally preserved tracts (34%) reported normal olfaction. Such results are somewhat contrary to expectations, especially the fact that some 42% of the patients with bilateral preservation re ported anosmia. This finding is probably due to dam age to the olfactory bulb itself, despite the fact that the olfactory tract appeared to have been preserved intact, and indicates that still further care must be taken in the surgical operation.
Among the findings concerning subjective sense of olfaction, it is especially interesting that onethird of the patients who had both olfactory tracts damaged or severed during surgery reported normal olfaction, and that two of the three who were tested objectively were found to be normal. Various internationally accepted examination methods with regard to vision and audi tion are currently available, but similar methods for olfaction have not been devised, probably because cer tain aspects of olfaction remain ambiguous and perhaps not subject to objective measure. The T and T olfactometer e used in the current study was con structed with the cooperation of the departments of otorhinolaryngology, physiology, and psychology from 14 universities with the support of the Ministries of Education and Public Welfare, and is thought to be a reliable instrument for measuring olfactory func tion.* Many uncertainties concerning olfaction in general still remain. In order to discuss olfactory dis turbances with any degree of certainty, it will there fore be necessary to consider surgical findings, sub jective symptoms, and the results of objective tests of olfaction, and to collect still larger numbers of cases.
